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ABSTRACT: The rise of high energy astrophysics and solar physics in the 20th century is linked 
to the development of space telescopes; since the 1960s they have given access to the X-ray and 
gamma-ray sky, revealing the most violent phenomena in the Universe. Research and 
developments in imaging concepts and sensing materials haven’t stopped since yet to improve 
the sensitivity of the X-ray and gamma-ray observatories. The paper proposes an overview of 
instrument realizations and focuses on the innovative detection techniques and technologies for 
applications from 0.1 keV to 10 MeV energy range. Solid-state detectors are prominent 
solutions for space instrumentation because of their excellent imaging and spectroscopic 
capabilities with limited volume and power resources. Various detection concepts based on 
semiconductors (Compton camera, Cd(Zn)Te pixel hybrids, DePFET active pixel sensors) are 
under design or fabrication for the near-future missions like Astro-H, BepiColombo, Solar 
Orbiter. New technologies on sensing materials, front-end electronics, interconnect processes 
are under study for the next generation of instruments to push back our knowledge of star and 
galaxy formation and evolution. 
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1. Introduction 
High energy astronomy refers to the detection of radiation coming from the sky with 
energy greater than 1 keV (10-16 J). High energy gamma-rays (E > 10 GeV) can be detected on 
ground when they interact high up in the atmosphere and generate an air shower of secondary 
particles that produce Cherenkov light. Telescope arrays like HESS [1], MAGIC [2] and in the 
future CTA [3] have been designed for that purpose. But X-rays and low energy gamma-rays 
are mainly absorbed by our atmosphere (by 50% at 30 km altitude for 1 MeV photons) and 
require the development of space telescopes. From the 1950’s, gamma-ray sources were 
predicted, based on particle and nuclear physics theories and first discoveries in 
radioastronomy; but the difficulty to embed sufficiently large detection areas in balloons and 
sounding rockets used to limit observations. Experimental X-ray and gamma-ray astronomy 
really started at the end of 1960’s, with the American SAS (Small Astronomy Satellite) and 
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OSO (Orbiting Solar Observatory) series satellites. X-ray emissions from Scorpius X-1 and 
Centaurus X-3 were interpreted as neutrons stars accreting matter from an orbiting star: the 
concept of X-ray binaries was born. From 1980 to 1989, the Solar Maximum Mission provided 
the first hard X-ray and gamma-ray spectra of solar flares and gave quantitative diagnostics of 
energetic particles interacting at the Sun (Bremsstrahlung continuum emission by electrons, 
nuclear line emission by neutron capture and positron annihilation). Major breakthrough for 
gamma-ray astrophysics came later, at the beginning of the 1990’s, with the Compton Gamma-
ray Observatory (CGRO) and the Sigma telescope onboard the Granat satellite. Various stellar 
objects at the end of their evolution (neutron stars, black holes, supernovae) were detected and 
observed; Batse onboard CGRO provided the very first catalog of gamma-ray bursts. Active 
galactic nuclei whose gamma-ray emission comes from the gravitational energy produced 
during matter accretion around a supermassive black hole were identified in few percents of 
the galaxies.  
This paper reviews high-energy photon detectors and associated space instruments 
developed since then and presents mature technologies for the future observatories. Section 2 
introduces the detector types and design rules for space applications and highlights the 
importance of solid-state detectors. Section 3 reviews instrumentation for X-ray astronomy, 
based on grazing incidence mirrors and silicon detectors. Section 4 reviews instrumentation for 
gamma-ray astronomy, for which indirect imaging techniques and various detection concepts 
had to be invented to optimize the sensitivity of the telescopes; state of the art of germanium 
and Cd(Zn)Te detectors are presented. Performance status and development perspectives are 
given in conclusion.  
2. Detectors in space for high energy astronomy 
2.1 Scientific needs and technical solutions 
The astronomers need both imaging capability to identify the X-ray and gamma-ray 
sources in the sky and spectroscopy to understand the complex physics of these objects: spectral 
signature gives access to temperature and acceleration processes in the active regions (accretion 
disks, jets). Polarimetry should give precious information about the geometries of magnetic 
field and emission regions in compact objects and binary systems. For solar physicists, photon 
spectrum gives access to the primary electron spectrum revealing particle acceleration and 
energy transfer processes; imaging solar flares is also a way to understand the structures of 
electrical and magnetic fields at the surface of the Sun.  
High-energy detectors are based on single photon detection, by measuring the charges 
created by the ionization or the temperature elevation (micro calorimeter). We can classify the 
photodetectors in 4 categories: 
 Gaseous ionization detectors: used in few space experiments like Integral/JEM-X, they 
require a large volume for good efficiency and they are sensitive to voltage breakdown by 
cosmic proton interaction. They could be of interest for X-ray polarimetry [4]. 
 Scintillation detectors: first detectors used in space, coupled with photomultipliers (NaI 
onboard OSO-7 in 1972). Inorganic scintillation crystals stay efficient solutions for energy 
measurement in gamma-ray experiments above 10 MeV because they can be implemented 
in large quantities and volumes (e.g. recently in AGILE [5] and FERMI [6]). Plastic 
scintillators are also widely used as active shielding in high-energy experiments for 
background particle detection and rejection. 
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 Semiconductor detectors: Si, Ge, CdTe, CdZnTe detectors have progressively replaced 
scintillators in space experiments because of their better intrinsic spectral performance; 
they show now high technological maturity to propose compact solutions for both high 
resolution imaging and spectroscopy from the visible range to the soft gamma-ray range, 
with versatile readout, dimensions and granularity. 
 X-ray calorimeter: shorty operated  in space (helium failure after calibration onboard 
Suzaku in 2005), they would provide ultimate energy resolution, ~50 times better than 
solid-state detectors to resolve features of the iron line fluorescence features at 6 keV in 
compact objects. R&D programs are on-going based on superconducting transition-edge-
sensors or metal insulator semiconductor coupled with high-Z absorbers [7]. They require 
cryogenic temperatures (<100 mK), which makes the realization and the readout of 
matrices extremely challenging. 
2.2 Development of a space instrument based on semiconductor detectors 
The choice of a detector type and geometry depends on performance requirements (energy 
range, detection efficiency, detection area, spatial resolution, spectral resolution, time 
resolution) and allocated resources, which are limited in a spacecraft (10 to 100 W electrical 
power, 10 to 100 kg mass budget, 0.1 to 1 Mbit per day telemetry downlink for a typical 
instrument). In addition to semiconductor detector properties, space environment has to be taken 
into account to design all subsystems of an instrument.  
 
The sensor part 
Solar protons and electrons trapped in earth radiation belts induce background particles 
that make the detectors blind to sky observation. To optimize the observation time, astronomy 
missions prefer low-earth orbits with small incidence angle, or elliptical orbits or L2 Lagrange 
point.  Background particles (105 to 109 10 MeV-equivalent protons/cm2 over a space mission 
duration) contribute to the ageing of the semiconductor detectors in space by creating lattice 
displacement damage. The lattice defects may act as traps or recombination centers for charge 
carriers. First consequence is an increase of leakage current that limits the spectral resolution; 
second consequence is a decrease of the mobility  lifetime product of the charge carriers that 
affects charge collection efficiency. To limit these effects, the sensors have to be carefully 
shielded; cooling down and increasing the electrical field in the sensor are also recommended. 
For intrinsic material like germanium, in-flight annealing at ~100°C is an efficient way to 
suppress most lattice defects and to recover the performance.  
 
The front-end electronics 
Recent designs of front-end electronics are Application Specified Integrated Circuits 
(ASICs) with mixed electronics for most of them: analog front-end channels with charge 
sensitive preamplifier, first filtering stage and digital electronics for readout control, signal 
sampling. Electronic noise performance is sensitive to the detector leakage current and the input 
capacitance and front-end electronics has to be optimized to the sensor properties; some detector 
laboratories develop full custom ASIC for that purpose [8,9,10]. The ASIC shall withstand the 
hostile radiation environment in space: background particles (protons essentially) are 
responsible for single events, which can create failures from bit flip (upset) to complete 
destruction (latch-up, gate ruptures, burnouts…). The total ionizing dose (equivalent to 
hundreds of grays for standard space missions) provokes degradation of the transistor properties 
(threshold voltages), which generally impacts the performance of the analog part. 
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